be well reproduced by a suitable choice of Φ 0 . When Φ 0 = 0 • , the peak like shape (for example the spectrum at 9.5 GHz in Fig. 2 (a) ) is expected; while Φ 0 = 90 • , the line shape is antisymmetric, e.g. as in the experimental spectrum measured at 7.5 GHz in Fig. 2 (a). Derivation of signal amplitudes for ac-and dc-ISHE components. In the case of spin pumping due to FMR, the spin currents are generated from the precession of the magnetization which is described by the Landau-Lifshitz-Gilbert equation:
where M and H eff are magnetization and effective field, γ is the electron gyromagnetic ratio, α is the damping constant. The magnetization M can be expressed as:
and
in which χ yy , χ yz , χ zy , χ zz are susceptibility tensor elements, and h y , h z are the in and outof-plane rf excitation fields. The spin current density generated by spin pumping is given by [1, 2] :
Wherem is M/M S , and g ↑↓ is the spin mixing conductance.
Ac-and dc-charge currents generated from a spin current via the ISHE can be described by the following formula:
where α SH is the spin Hall angle, e z indicates that the spin current propagates along the z direction, σ is the polarization vector given by Eq. 4. The dc spin current is given by the time average of J S σ which is polarized in the x direction and given by:
While the ac spin current causing the ac ISHE signal detected in the x direction is given by:
From Eqs. 6 and 7, the ratio of the ac and ac spin current amplitudes is found as
In the case of out-of-plane excitation, i.e., h rf = h z , Eqs. 7 and 8 can be simplified as:
The different microwave power dependence of the dc and ac ISHE signals can be understood from Eqs. 9 and 10. The magnitude of the dc spin current is proportional to the square of the excitation field h 2 z (proportional to the microwave power P ). On the other hand the magnitude of the ac spin current, it proportional to h z (or the square root of microwave power √ P ).
By combining the values of susceptibility tensor elements at FMR, and neglecting the small (∆H/H r ) term, the ac-and dc-ISHE voltages can be expressed as follows:
where λ sd is the spin diffusion length of the normal metal, l is the length of the bilayer stripe, t NM is the thickness of the normal metal, σ is the conductivity of the bilayer stripe, and χ res zz and χ res yz are the susceptibility tensor elements at the resonance field. At the resonance field, the ratio of amplitude of the ac-and dc-ISHE voltages can be simplified to 
On the other hand when the bilayer wire is placed in the gap (out-ofplane configuration) one has a coplanar waveguide configuration. For the dimensions used in our experiment we expect Z 0 = 250 Ω leading to T = 0.33. Hence the signal at the detector is reduced due to the impedance mismatch and the original ac-ISHE signal is given by U ac ISHE /T . In addition a reduction of the measured ac-ISHE signal due to Ohmic losses and imperfect microwave properties of the bonding wires is expected.
Calculation of inverse spin Hall and inductive signals. For the FM/NM bilayer, the stray field generated by the dynamic magnetization can cause magnetic flux to penetrate the conducting wire loop which is used to pick up the ac-ISHE signal (Faraday's law). Such inductive coupling can result in ac-voltages. The magnitude of this parasitic effect is expected to scale as [3] [4] [5] :
where L is the wire length, d = 10 nm is the thickness for both FM and NM layers, η (0 ≤ η ≤ 1) is a factor which accounts for the fact that only a fraction of the magnetic that flux actually contributes to the inductive voltage, µ 0 is the permeability, and m y is the dynamic in-plane magnetization component. For a single magnetic layer, both the magnetization and the conducting loop are centered at the same height (d/2), and thus one expects no net flux penetrating the wire loop i.e. η = 0 leading to U FMI = 0. When the ferromagnet is capped by a nonmagnetic metal layer, the center of the conducting loop shifts towards the NM layer by a distance ∆Z:
Where σ NM and σ FM are the conductivities for the FM and NM layers, respectively. Although it is difficult to calculate the factor η directly, when ∆Z w (∆Z is a few nm, and w = 5 µm), η is proportional to ∆Z. Consequently, the inductive ac-voltages are expected to scale as 
Due to the different physical origin of ac-ISHE and inductive signals one expects a 90 • phase shift between U ISHE and U FMI . Experimentally we have measured the following ac-voltage amplitudes for the Pt/Ni 80 Fe 20 and the Au/Ni 80 Fe 20 bilayer (cf. Fig. 3b ):
U Au ac = 94.0 µV = (U Au ISHE−ac ) 2 + (U Au FMI ) 2 .
Taking into account the above ratio for U ISHE and U FMI , they can be calculated for the Pt/Ni 80 Fe 20 sample as:
U Pt FMI = 63.9 µV,
and for the Au/Ni 80 Fe 20 sample as, U Au ISHE−ac = 53.8 µV,
U Au FMI = 77.1 µV.
We can further estimate the inductive ac-voltage for the Cu/Ni 80 Fe 20 and Al/Ni 80 Fe 20 bilayer samples. In these samples the SHE effect is so small that no dc-ISHE signal was detected and hence also no measurable ac-ISHE is expected. With σ Al = 1.3 × 10 6 Sm −1 , and noting that the NM=Cu layer is 20 nm thick we can calculate U Cu ac = U Al FMI = 1.3U Au FMI = 83.1 µV,
U Al ac = U Cu FMI = 0.56U Au FMI = 43.1 µV.
All of these results are in good agreement with the observed signals cf. Fig. 4(b) of the manuscript.
